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DRY EIJXTRODES FOR PHYSIOLOGICAL MONITORING 
By Charles W. Patten,  Frank B. Rame, 
Spacelabs, Inc.  
Field Team a t  NASA Fl ight  Research Center 
and 
James Roman 
NASA Fl ight  Research Center 
SUMMARY 
A method f o r  very rapid appl icat ion of electrocardiogram electrodes by 
spraying a conductive mixture i s  described. The electrodes are  a l so  su i t ab le  
f o r  electroencephalograms. All required equipment and the  appl icat ion proce- 
dure a re  described i n  d e t a i l .  The f inished electrode i s  dry and i s  l e s s  than 
0.01-inch th ick .  E l e c t r i c a l  and operat ional  f ac to r s  a re  not considered. 
INTRODUCTION 
This paper out l ines  a method f o r  rapid instrumenting of subjects  i n  an 
operat ional  environment. This method of e lectrode appl icat ion i s  wel l  su i ted  
t o  the  act ive subject  and r e s u l t s  i n  nei ther  bulk nor s ign i f i can t  discomfort. 
The electrodes described have r e l a t i v e l y  high impedance, by current  c l i n i c a l  
standards. The f e a s i b i l i t y  of  using high-impedance electrodes and the  methods 
f o r  acquiring electrocardiogram information through t h e  use of such high- 
impedance techniques are  described i n  reference 1. 
only with techniques f o r  preparat ion and appl icat ion of e lectrodes.  
The present paper deals  
The method described i s  a general  one f o r  rap id  appl icat ion of conductive 
cement. For spec i f i c  applications,  it could be g r e a t l y  s implif ied.  As  out- 
l ined,  it permits t h e  use of, and experimentation with, a va r i e ty  of conductive 
mixtures. Dry electrodes of t h i s  pa r t i cu la r  configuration a re  new. Since 
l i t t l e  information i s  avai lable  concerning t h e i r  use, such experimentation m a y  
wel l  prove necessary. 
This method w a s  developed at the  NASA F l igh t  Research Center, Edwards, 
C a l i f . ,  i n  a cooperative e f f o r t  between NASA personnel and a f i e l d  team f r o m  
Spacelabs, Inc ., under contracts  Nab-390 and NAS4-791. 
MATE3RIALS AND EQUIPMENT 
This method of e lec t rode  appl ica t ion  centers  on t h e  use of a spec ia l  
spray-gun assembly, e lec t rode  l e a d  w i r e s ,  and a conductive mixture. Detai led 
drawings of t h e  spray-gun and t h e  lead-wire assemblies are shown i n  f igu res  1 
and 2, respec t ive ly .  A photo of a por tab le  bioinstrumentation c a r t ,  which in-  
cludes a l l  t h e  necessary mater ia l s  and equipment used i n  t h i s  method, i s  shown 
i n  f igu re  3. Inasmuch as t h e  c a r t  c a r r i e s  an air-supply source, it need only 
be connected t o  an ac power source t o  be capable of f u l l  operation, such as 
when a t echn ica l  demonstration i s  t o  be presented. 
The spray gun used i n  t h i s  procedure i s  a modified DeVilbiss No. 156 
atomizer assembly with two valves and a g lass  1-ounce supply b o t t l e .  A spec ia l  
b a r r e l  ( f i g s .  &(a )  t o  4 ( c ) )  with a s l i t  t a b  on t h e  end holds the  wire e lectrode 
lead, a spring-loaded r e l ease  rod disengages t h e  l ead  wire from t h e  gun, and a 
vented b a r r e l  confines the  l i q u i d  spray t o  a c i r c u l a r  area of ha l f -do l l a r  s i z e .  
A T-connector i s  incorporated t o  enable use of one a i r  hose ins tead  of two. 
The two valves permit using l i q u i d  spray f o r  e lec t rode  appl ica t ion  and a i r  f o r  
drying. Normally, an a i r  pressure of 20 pounds pe r  square inch i s  adequate. 
A separa te  12-volt  R i t t e r  heated-air  syringe and hose assembly i s  used f o r  
rapid drying of t h e  nonconductive spray covering af ter  t h e  electrode i s  ap- 
p l i e d .  This assembly i s  a standard dental-equipment item. 
Figure 5 shows t h e  e l a s t i c  band-clamp assemblies used as clothing re-  
s t r a i n t s .  One assembly has two a l l i g a t o r  clamps t o  hold a towel across t h e  
s u b j e c t ' s  w a i s t  during deinstrumentation. The electrode-disconnect block i s  
secured on a nonconductive s i las t ic -covered  neck chain.  
A donning t a b l e  ( su rg ica l  instrumentation stand and t r a y )  holds the  e q u i p  
The following equipment and mater ia l s  a re  recommended; however, ment ( f i g .  6 ) .  
personal  on-hand items m a y  suf f ice ,  and dimensions of some items are opt iona l :  
1 table ,  low, 2 f e e t  by 4 f e e t  by 30 inches 
1 stand, su rg ica l  instrument, adjustable  height  
1 tray, su rg ica l  instrument (used with s tand)  
1 container,  sponge, s t a i n l e s s  s t e e l ,  2-quart  capaci ty  
1 container,  sponge, s t a i n l e s s  s teel ,  1-quart  capaci ty  
1 basin,  emesis, 6-inch 
1 beaker, 400 m i l l i l i t e r ,  with l i d  
1 beaker, 50 m i l l i l i t e r  
2 cups, medicine, s t a i n l e s s  s t e e l ,  2 ounces 
1 jar, ointment, g l a s s  with l i d ,  2 ounces 
1 tray, s t a i n l e s s  s t e e l ,  2 inches by 6 inches by 1 inch 
1 hose assembly, heated a i r  with 12-volt  transformer 
1 hose assembly, atomizer 
1 compressed-air o r  iner t -gas  supply (20 lb / sq  in . ,  minimum) 
1 regula tor  assembly, pressure control ,  wi th gages 
4 bo t t l e s ,  atomizer, 1 ounce 
1 rack, atomizer b o t t l e ,  &-bot t le  capaci ty  
1 gun, spray, e lec t rode  appl ica t ion  (modified DeVilbiss atomizer) 
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lamp assembly, adjustable,  with spot l igh t  
mirror, parabol ic  
toothbrush assembly, e l e c t r i c  
syringes,  p l a s t i c ,  2 cubic centimeter 
tube, e lectrode j e l l y  
cans, aerosol, insulat ion,  e lectrode adhesive, 2 ounces (Hauser 
LSA-1, Hauser Research & Engineering Co., P. 0. Box G, Boulder, 
Colo. 
A/R sponge, gauze, 4 inches by 4 inches 
1 brush, artist 's, 1 inch 
1 cleaner  assembly, u l t rasonic  
1 bo t t l e ,  acetone, 1-quart  capaci ty  (>-gallon supply) 
1 bo t t l e ,  zephiran chlor ide aqueous so lu t ion  (1 - lOOO), 1 gallon 
1 bo t t l e ,  t i n c t u r e  of green soap 
A/K mat, f loor ,  p l a s t i c ,  acetone r e s i s t a n t  
1 scale,  health,  with height measurement 
1 thermometer, ambient a i r  
3 extinguishers,  f i r e ,  carbon dioxide (CO2) 
2 band-clamp assemblies, neck (10 t o  I2 inches long) 
2 band-clamp assemblies, waist  (18 t o  20 inches long) 
2 band-clamp assemblies, w a i s t ,  with c l i p s  (18 t o  20 inches long) 
6 neck chains, p l a s t i c  covered, nonconductive 
PREPARATION OF EQUIPMENT 
The donning equipment should be prepared da i ly .  Two technicians a re  
recommended, hereaf te r  r e fe r r ed  t o  as  Technician 1 and Technician 2 .  I n  t h e  
NASA pro jec t  being conducted a t  the  U S f P  Aerospace Research P i l o t  School, 
Edwards, Cal i f . ,  where t h i s  method of instrumentation i s  i n  da i ly  use, t h e  
instrumentation room i s  o u t f i t t e d  with t w o  complete donning t ab le s  and associ- 
ated equipment. 
The methods of preparing t h e  individual  items of equipment a re  described 
i n  d e t a i l  i n  t h e  following sect ions.  
Electrodes 
Prepare t h e  electrode lead-wire assemblies using a No. 38 gage Teflon 
coated copper w i r e  ( f i g .  2 ) .  An ample supply o f  these  assemblies should be 
prepared wel l  i n  advance of need. 
s t r i p  t h e  other  end of t he  Teflon covering t o  expose the  bare wire 3/4 inch 
(?1/8). Si lver -p la te  t h i s  end and a t tach  a re ta in ing  b a l l  of approximately 
1/32 inch, using a su i t ab le  epoxy dispensed by a s m a l l  p l a s t i c  syringe. 
t he  prepared electrode lead-wire assemblies onto pressure-sensi t ive,  t rans-  
parent,  double-coated tape on one s ide of a narrow p l a s t i c  board. This 
board gives t h e  technicians two spare leads r ead i ly  avai lable  a t  t h e  donning 
t a b l e  i f  needed. 
Solder a p in  connector t o  one end, and 
Place 
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Continuity tes t . -  Remove an electrode lead-wire assembly from the  board. 
Attach both ends of t h e  w i r e  t o  f l a t  jaw c l i p s  on a volt-ohm meter and check. 
The meter should ind ica t e  1.0 (k0.2). 
t h e  meter for any indica t ion  of needle f luc tua t ion .  Should t h i s  occur, do not 
use the  lead-wire assembly. Lay aside any r e j ec t ed  assembly for laboratory 
check and evaluation. 
used f o r  t h e  next subject .  Check all electrode leads f o r  cont inui ty  p r i o r  t o  
use. 
Gently tug  wire near p in  end and observe 
Repeat t h e  cont inui ty  check on each electrode l ead  t o  be 
Insu la t ion  Cement 
Inspect t h e  insulation-cement aerosol  can. Test by shaking, and t e s t -  
spray on a paper towel t o  check the  nozzle f o r  plugging. Place can, nozzle 
down, i n  a 2-ounce medicine cup and pour i n  about 3/4 inch of acetone t o  sof ten 
the  insu la t ion  cement on t h e  nozzle and prevent plugging. 
C A  U TlON 
When ambient air i s  below 70° Fahrenheit, warm the insulation- 
cement aerosol can by holding in the hand or placing in WARM 
water. Do NOT place in  hot water or heat to warm the can. 
could cause the can to explode. 
This 
Syringes and Toothbrushes 
Prepare t w o  p l a s t i c  (1 cc or 2 cc) hypo-syringes ( l e s s  needles) with elec- 
t rode  j e l l y  by removing plunger and in se r t ing  e l ec t rode - j e l ly  tube i n t o  the  
plunger-end of t he  syringe and i n j e c t  j e l l y  t o  t h e  h a l f - f u l l  mark. Remove tube 
and replace plunger. Place prepared syringes i n  a shallow cup containing a 
s m a l l  amount of zephiran chlor ide t o  prevent t he  small opening of  t h e  syringe 
from drying and plugging. 
Using a syringe, prepare four  t o  s i x  toothbrushes (two f o r  each subjec t )  
by applying electrode j e l l y  t o  t h e  base of t he  brush f ibe r s ,  on both s ides ,  and 
within the  f i b e r s  f r o m t h e  top.  Place prepared toothbrushes i n  an empty cup 
and cover with a water-moistened 4-inch by 4-inch gauze sponge t o  prevent 
drying. 
Gauze Sponges and Neck Chains 
Lay out two s tacks of  4-inch by 4-inch gauze sponges on the  su rg ica l  
instrumentation t r a y  and have a supply of neck-chain assemblies avai lable .  
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Spray- Gun As s embly 
Flush spray gun by t e s t  spraying with acetone i n  t h e  1-ounce container.  
Check the  conductive-cement mixture by pouring f r o m t h e  1-ounce container i n t o  
t h e  supply container and shaking thoroughly t o  suspend s i l v e r  p a r t i c l e s .  
f i l l  t h e  1-ounce container with t h e  mixture t o  the  ra i sed- r ib  l i n e .  Remove the  
1-ounce container of acetone from t h e  spray gun and i n s t a l l  t he  1-ounce 
container of conductive-cement mixture on t h e  spray gun. Place the  prepared 
spray-gun assembly on t h e  receptacle  located on the  surg ica l  instrumentation 
t r a y .  
Re- 
Spray t e s t  i s  not normally required.  
NOTE 
Preparation of conductive-cement mixture f o r  a t -  
taching on spray gun should be performed about 
15 minutes before instrumentation. When delay 
occurs, remove the  1-ounce container of conductive- 
cement mixture from spray gun and shake container 
t o  keep s i l v e r  p a r t i c l e s  suspended (every 15 min- 
u t e s )  . 
(page 6 )  f o r  ins t ruc t ions  on mixing ingredients .  
Refer t o  "Conductive-Cement Mixture" 
Heated-Air Hose 
Test heated-air  hose by depressing the  valve button t o  check f o r  air  pres- 
sure  and hea t .  Return hose assembly to t he  receptacle  located on the  surg ica l  
instrumentation t r a y .  
Adjustable Lamp Assembly 
Standing i n  f ron t  of the  donning tab le ,  a technician pos i t ions  t h e  lamp SO 
t he  spot l igh t  i s  centered on the  chest  area and not directed i n t o  t h e  eyes of 
t he  t e s t  subject .  
Towel and Band-Clamp Assemblies 
Check t o  determine t h a t  a clean bath towel i s  supplied, f o r  use during de- 
instrumentation, and t h a t  t h e  neck band-clamp assembly and two waist  band-clamp 
assemblies (one with c l i p s )  a re  attached t o  t h e  s ide  of t h e  surg ica l  ins t ru-  
mentation t r a y .  
Acetone Supply 
Check t h e  supply of acetone f o r  d a i l y  use and cleanup. F i l l  th ree  1-ounce 
atomizer containers t o  t h e  ra i sed- r ib  l i n e  and s t o r e  i n  atomizer b o t t l e  rack. 
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Conductive-Cement Mixture 
Prepare a supply of conductive-cement m i x t u r e  i n  an  8-ounce b o t t l e  using 
t h e  following ingredien ts :  
( a )  
(b)  
43 grams (1 tube)  Duco household cement (Dupont S/N 6241) 
43 grams s i l v e r  powder (Handy & Harmon S i l f l a k e  No. 135, o r  equiva- 
l e n t  ) 
( e )  125 m i l l i l i t e r s  (4 oz) acetone 
Combine these  ingredients  i n  an 8-ounce b o t t l e ,  cap t h e  b o t t l e ,  and thorocghly 
mix t h e  so lu t ion  by shaking u n t i l  inspect ion shows absence of lumps. 
NOTE 
Keep b o t t l e  capped at a l l  times t o  prevent evapo- 
r a t i o n  of acetone, which causes thickening and 
concentration of t h e  m i x t u r e .  
INSTRUMENTATION OF SUBJECT 
Previous experience i s  not required t o  perform the  following procedure 
properly.  
nique which w i l l  enable them t o  r egu la r ly  instrument a t e s t  subjec t  i n  less  
than  3 minutes. Although the  procedure i s  used pr imar i ly  f o r  p i l o t s ,  it i s  
a l so  used i n  t h e  labora tory  f o r  instrumenting t e s t  subjec ts  and i s  e a s i l y  
adaptable f o r  c l i n i c  and hosp i t a l  work. 
With a minimum of prac t ice ,  two technicians can develop t h i s  tech- 
Preparation of Test Subject 
Have t h e  t e s t  subject  stand d i r e c t l y  i n  f r o n t  of t h e  donning t a b l e ,  w i t h  
t h e  f l i g h t  su i t  unzipped t o  below t h e  wa i s t l i ne .  
r i g h t  of t h e  t e s t  subject ,  and Technician 2 on t h e  l e f t .  
Technician 1 works t o  t h e  
(a )  Place insu la ted  neck chain around t h e  t e s t  s u b j e c t ' s  neck and beneath 
t h e  undersh i r t .  
( b )  Have t h e  t e s t  subject  l i f t  undershir t ,  pu l l i ng  it up evenly t o  ex- 
pose chest ;  place sho r t  neck band-clamp assembly around neck, securing under- 
s h i r t  high against  t h e  neck. 
secure t o  one s ide  of f l i g h t  su i t .  
Check t h a t  neck chain hangs f r e e  underneath, and 
( e )  Place w a i s t  band-clamp assembly around w a i s t  and secure with clamps 
t o  anchor f l i g h t  suit,  exposing ches t .  
(d )  Technician 1 begins sk in  cleanup using prepared (e lec t rode  j e l l y )  
Three areas a re  cleaned: one just  below t h e  e l e c t r i c  toothbrush ( f i g .  7 ) .  
c l a v i c l e  on t h e  manubrium; one on t h e  lower end of t he  body of t h e  sternum; 
and one over t h e  cardiac apex. 
N O T E  
Electrodes should be  posit ioned 4 inches or more 
apa r t  f o r  b e s t  resul ts .  
( e )  A s  Technician 1 cleans  an area,  Technician 2 follows with clean, dry, 
&-inch by &-inch sponges t o  c lean  of f  e lec t rode  j e l l y .  
Electrode Application 
Technician 2 takes  an e lec t rode  lead-wire assembly from t h e  p l a s t i c  board 
and a t taches  the  b a l l  end of t he  w i r e  t o  t he  s l i t  tab  on t h e  b a r r e l  of t he  
spray-gun assembly. Working together,  t he  two technicians apply e lec t rodes  t o  
t h e  prepared sk in  a reas  as follows: 
(a )  Technician 1, with a s m a l l  amount of e lec t rode  j e l l y  on t h e  fore-  
f inger ,  makes a l i g h t  wiping motion t o  place a very t h i n  f i l m  ( l /2 - inch  
diameter) on t h e  prepared skin.  
(b) Technician 2 places  the  nozzle of t he  spray gun (with lead wire i n  
the  s l i t  tab)  aga ins t  t h e  skin ( f i g .  8 ) ,  centered over t h e  j e l l y  coat ,  and 
sprays a coat ing of conductive-cement mixture t o  form a ha l f -do l l a r - s i ze  
e lec t rode  and t o  capture  the  lead  w i r e  i n  t he  cement. 
s ec t iona l  view.) 
(See f igu re  9 f o r  c ross -  
N O T E  
Inasmuch as t h i s  spray technique does not requi re  
shaving, quick inspect ion should be made of 
e spec ia l ly  ha i ry  a reas  before  a i r  drying i s  com- 
p le ted  t o  insure  t h a t  t h e  wire i s  properly 
captured i n  the  cement. If not, momentarily 
press  t he  wire or give a second very shor t  spray 
of cement, mixture; t h e  co r rec t  ac t ion  w i l l  be 
determined through experience. 
With the  nozzle s t i l l  i n  place, begin a i r  drying; with f r e e  hand, push t h e  
spring-loaded release rod forward ( f i g s .  10 and 11) t o  re lease  t h e  b a l l  end of 
t he  lead  wire from t h e  s l i t  tab .  
N O T E  
For b e s t  results,  it i s  important t h a t  a t h i n  
coa t  of conductive mixture be sprayed and d r i ed  
before  t h e  w i r e  i s  pressed onto t h e  skin.  Direct  
contact  between sk in  and wire i s  undesirable.  
( e )  While continuing a i r  drying, move spray gun away from sk in  about 
1/2 inch u n t i l  drying i s  completed ( f i g .  1 2 ) .  
from sk in  wi th in  2 seconds af ter  s t a r t i n g  a i r  drying t o  prevent gun from 
adhering t o  sprayed area on skin.)  
(Spray gun must be withdrawn 
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(d) Repeat s t eps  (a)  through ( e )  f o r  t h e  remaining e lec t rodes .  
(e)  During a i r  drying of f i n a l  e lectrode,  Technician 1 prepares 
insulation-cement spray by shaking spray aerosol  container .  
( f )  Technician 2, upon completion of f i n a l  a i r -drying operation, l a y s  
as ide  spray gun and takes  heated-air  gun, d i r e c t i n g  heated a i r  i n  a c i r c u l a r  
motion t o  t h e  first e lec t rode  i n  a continuous j e t  of heated a i r .  The heated- 
a i r  j e t  i s  continuous before,  during, and after appl ica t ion  of t h e  in su la t ion  
cement . 
(g )  Technician 1, using in su la t ion  cement, d i r e c t s  insulation-cement 
spray t o  cover and overlap t h e  perimeter of t h e  e lec t rode  about 1/4 inch as 
t h e  heated-air  j e t  i s  appl ied ( f i g .  13 ) .  
(h)  Repeat s t e p  (g)  t o  i n s u l a t e  t h e  remaining electrodes.  
Electrode Lead Connections 
Upon completing t h e  insu la t ing ,  plug the  pin-connector end of t h e  
electrode-lead-wire assemblies i n t o  t h e  electrode-connection block, co lor -  
coded as follows: 
WHITE: Pin connector from manubrium 
m: Pin connector from lower sternum 
BLACK: Pin connector from apex region 
(a )  When t h e  th ree  e lec t rodes  have been properly connected and checked 
( r e f e r  t o  co lo r  code), reverse  t h e  electrode-connection block s o  t h a t  t h e  l ead  
wires  and the  curved por t ion  of t h e  p in  connectors face outward, away from the  
sk in  of t h e  t e s t  subject  ( f i g .  14 ) .  This reduces the  p o s s i b i l i t y  of persp i ra -  
t i o n  dripping i n t o  t h e  connection and lessens  t h e  chance of p ins  being pul led 
loose by rubbing aga ins t  t he  ches t .  
(b )  Place the  insu la ted  neck chain across  the  electrode-connection block 
and over t h e  lead  w i r e s .  Secure t h e  block on t h e  chain by i n s e r t i n g  t h e  chain 
i n t o  s l o t s  on both s ides  of t h e  block, s l i d i n g  up t h e  s l o t s  enough t o  prevent 
t h e  chain from s l ipp ing  out. 
( e )  A f t e r  f i n a l  inspect ion,  both technicians working together  remove t h e  
neck and w a i s t  band-clamp assemblies, using ca re  not  t o  d i s tu rb  t h e  electrodes,  
l ead  wires, and block, and p u l l  t h e  undersh i r t  down. 
DEIMSTRUMENTATION 
Subject stands i n  f r o n t  of t he  donning t a b l e  and technicians are pos i -  
t ioned as during t h e  instrumentat ion operation. The following inspect ion and 
deinstrumentation of t he  subjec t  should normally be accomplished i n  about 
2 minutes. 
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Preparation of Test Subject 
Before beginning deinstrwnentation, check to determine that an emesis 
basin containing two &-inch by 4-inch acetone-soaked gauze sponges and an 
ample supply of clean, dry gauze sponges are available on the surgical instru- 
mentation tray for use by both technicians. Prepare test subject as follows: 
Technician 2 attaches bath towel to alligator clip on the left end 
of the waist band-clamp assembly and installs clamp on left side of unzipped 
flight suit, then passes band around back of test subject to Technician 1 for 
clamp attachment to right side of flight suit. 
Using care not to disturb electrodes and lead wires, lift undershirt, 
(a) 
(b) 
and both technicians install the short neck band-clamp assembly around neck of 
test subject, securing undershirt with restraints, then quickly inspect the 
position and condition of all three electrodes, the lead wires, and the pin 
connections to the electrode connection block. 
NOTE 
During inspection, note if any wire is broken or 
pulled loose, any pin disconnected, or other evi- 
dence of damage. Enter these observations on 
instrumentation form, which will provide valuable 
reference sources when necessary during later 
analysis of recordings. 
(e) Technician 2 passes bath towel across front mid-section of test sub- 
ject, and Technician 1 receives towel, pulling it tightly and securing with 
alligator clip on right waist band-clamp assembly. 
CAUTION 
Be sure towe l  i s  t ight  a c r o s s  mid - sec t ion  of t e s t  s u b j e c t .  
i s  ins ta l l ed  to ca tch ,  absorb,  and prevent  any s p i l l a g e  or drainage 
of ace tone  to lower  abdomen of t e s t  s u b j e c t  during deinstrumentation 
operat ion,  which could c a u s e  discomfort .  (Re fer  t o  “Safe t y  Pre-  
caut ions:  Spi l lage,” page 12.) 
Towel  
Electrode Removal 
Before removing the electrodes, the pin connectors are disconnected from 
the electrode-connection block, the block disengaged fromthe neck chain, and 
the neck chain secured under the folds of the undershirt for the following 
procedure : 
(a) Technician 1 places emesis basin, containing &-inch by &-inch gauze 
sponges and acetone, with outer curved side to test subject (fig. 15) just 
below uppermost instrumented electrode and firmly against the skin. 
saturated gauze sponges, Technician 1 generously applies acetone to cemented 
Using the 
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area  by pa t t ing ,  thoroughly soaking, and wiping away dissolved cement. 
Technician 2, using t h r e e  o r  more dry 4-inch by &-inch gauze sponges, assists 
by wiping and absorbing any acetone s p i l l a g e  below t h e  basin.  
NOTE 
During e lec t rode  removal, t h e  l ead  wires a r e  
ignored as they  f a l l  away and a re  discarded a f t e r  
use. 
( b )  When t h e  f i r s t  e lec t rode  has been dissolved and wiped, Technician 1 
Technician 2 performs a moves basin t o  lower e lec t rode  and repea ts  s t e p  ( a ) .  
fu r the r  cleanup with dry gauze sponges on t h e  f i r s t  electrode, and wipes t o  
absorb any sp i l l age  of acetone during soaking and dissolving of t h e  lower 
e lec t rode .  
( e )  Technician 1, a f t e r  dissolving and wiping t h e  lower electrode, 
reverses t h e  emesis basin, placing in s ide  curve aga ins t  t h e  n a t u r a l  curve of 
t h e  r i b  cage ( f i g .  16)  of t e s t  subjec t  just below t h e  instrumented e lec t rode  
i n  t h e  hea r t  region and repea ts  s t e p  ( a ) .  
( d )  When t h e  l a s t  e lec t rode  has been removed, both technicians perform a 
f i n a l  cleanup on a l l  t h r e e  a reas .  
( e )  If cleaned sk in  areas appear t o  be inflamed o r  t e s t  subjec t  ex- 
presses  discomfort, Technician 1 appl ies  sk in  l o t i o n  over t h e  area, using a 
clean 4-inch by &-inch gauze sponge f o r  appl ica t ion .  
skin l o t i o n  w i l l  not be required.  
Normally, appl ica t ion  of 
Ultrasonic Cleaning 
Remove and cap t h e  1-ounce container of conductive-cement mixture from 
t h e  spray-gun assembly and i n s t a l l  a 1-ounce container of acetone on t h e  spray 
gun. Spray about th ree- four ths  of t h e  acetone i n t o  a s u i t a b l e  waste recepta- 
c l e  t o  clean spray gun and nozzle. While spraying, momentarily i n v e r t  spray 
gun, t o  clean inner p a r t  of gun assembly. 
C A U TlON 
Do NOT invert spray gun except during continuous spraying of 
clear acetone for cleaning. Otherwise, plugging or accidental 
admittance of acetone or cement mixture could occur in the valve 
assembly and ultimately in the hose. 
equipment. 
This could damage the 
After spray cleaning, immerse t h e  spray gun and nozzle assembly, with ace- 
tone container attached, i n t o  t h e  acetone cleaning agent on top  of t h e  ultra- 
sonic cleaning un i t  ( f i g .  17). Be sure  t h a t  t h e  valve assembly and t r i g g e r  
a re  not immersed. Clean u l t r a son ica l ly ,  normally about 10 minutes. When t h e  
assembly i s  thoroughly cleaned, remove from u l t r a son ic  cleaner, momentarily 
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depress each valve to complete cleaning, and install on the receptacle located 
on the surgical instrumentation tray. 
N O T E  
When the next instrumentation is scheduled soon 
after the first (within 15 to 30 minutes), the 
technician may choose acetone for spray cleaning 
and wait until the schedule permits ultrasonic 
cleaning. However, ultrasonic cleaning is a 
recommended daily procedure. 
Toothbrush Cleaning 
Clean used brushes in a hot, diluted tincture of green-soap solution by 
scrubbing one brush against another. Soak clean brushes in zephiran chloride 
for about 10 minutes. Remove and store in a clean container, or prepare when 
necessary as instructed in the section on "Syringes and Toothbrushes," page 4. 
Electrode Instrumentation Records 
Upon completion of the deinstrumentation procedure, equipment cleanup, and 
preparation, Technician 2 enters information on a record sheet (fig. 18). A 
record sheet should be completed for each test subject instrumented and the 
sheet placed in a log book. 
EMERGEBICY OPERATIONS 
Fouled Spray Gun 
During electrode instrumentation of a test subject, when the spray gun 
malfunctions by becoming plugged, fouled, or by loss of air pressure, do NOT 
attempt to repair the spray-gun assembly. Place the assembly on the recepta- 
cle located on the surgical instrumentation tray. Using the artist's paint 
brush, dipped into the backup supply of conductive-cement mixture, apply the 
mixture on the lead wire and skin. When no air pressure is available for the 
spray gun or heated air, use a piece of cardboard or folded paper to fan the 
cement mixture until dry. Repeat fanning to dry the insulation-cement 
application. This measure is not recommended unless at least two electrodes 
are completed. 
Heated-Air Hose 
During instrumentation of a subject, when the heated-air hose assembly 
malfunctions because of loss of air pressure, do NOT attempt to repair the 
assembly. Place the hose assembly on the receptacle located on the surgical 
'nstrumentation tray and air-dry the electrode spray by fanning, as described 
11 
i n  t he  previous paragraph, or, when possible ,  use t h e  air valve on t h e  spray- 
gun assembly. 
Safety Precaution: Spi l lage  
During deinstrumentation when a supply of  acetone i s  used i n  t h e  emesis 
basin, wipe away any sp i l l age .  When an accident occurs causing acetone t o  
s p i l l  from t h e  basin onto t h e  lower abdomen of t h e  t e s t  subject,  DO NOT 
HESITATE. Open the  f l i g h t  s u i t  and immediately p u l l  c lothing away from t h e  
acetone-wetted skin area and permit a i r  t o  evaporate t h e  acetone. 
CAUTION 
Removal of clothing soaked in acetone is imperative. Evaporation 
of acetone on the skin is rapid in an open area. However, acetone- 
soaked clothing held against the sk in  cannot evaporate quickly and 
can cause extremely rapid skin irritation, resulting in burning or 
blistering. Quick action can prevent this. When the situation re- 
quires, have tes t  subject remove all clothing and use towels for 
rapid drying by airing the wetted area. 
lotion and request that the subject be examined by medical person- 
nel. 
Afterward apply skin 
Flight  Research Center, 
National Aeronautical and Space Administration, 
Edwards, Cal i f . ,  January 14, 1966. 
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\Teflon insulated 
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\Any suitable commercially 
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Insulating material stripped by vapor or 
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Figure 2.- Electrode lead-wire assembly. Dimensions in inches. 
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Figure 3 .- Portable bioinstrumentation cart. E-13270 
( a )  Front view. 
Figure 4 .- Spray-gun assembly. 
E-13862 
(b) Rear view. 
Figure 4.- Continued. 
E-13861 
( e )  Closeup showing lead wire about t o  be attached t o  s l i t  t ab .  E- 1386 3 
Figure 4 .- Concluded. 
Plast ic -covered neck chai 
Neck b a n d - c l a m p  a s s e m b l y  
@) Waist b a n d - c l a m p  assem 
( w i t h  a l l i g a t o r  c l i p s )  
Figure 5.- Clothing r e s t r a in t s  and neck chain.  E-13309 
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Bath towels 
Spray-gun assembly 
Heated-air gun assembly 
Insulation aerosol can 
Adjustable lamp assembly 
4-inch by 4-inch gauze sponges 
Electrode jelly 
Acetone supply 
Electric-toothbrush assembly 
Band-clamp assemblies 
E- 142 34 
Figure 6 .- Instrumentation donning table. 
Figure 7.- Skin preparat ion using e l e c t r i c  toothbrush and electrode j e l l y .  E-13297 rc 
t-J 
E-13303 Figure 8.- Spray gun in position for spraying-on electrode. 
Teflon coated copper wire 
.004-inch diameter 
Insulated cement layer  
app l ied  by aerosol 
Conductive cement a p p l i e d  by aerosol 
.79 inch 
Figure 9.- Typical standard spray-on electrode (showing r e l a t i v e  s i z e  and dimensions). 
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Figure 10.- Pushing spring-loaded re lease  rod t o  re lease  lead  wire. E-13305 
Figure 11.- Closeup of spray-gun assembly showing spring-loaded r e l ease  
rod being pushed. 
E-13302 
Figure E.- Spray gun moved back 1/2 inch while a i r -drying electrode.  E-13300 
rG Figure 1 3  .- Application of insulation-cement spray and heated-air  drying. E-13298 
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Figure 14 .- Instrumented test subject showing lead wires connected to electrode-connection block 
secured on neck chain. E- 13 304 
FkWre 15.- Electrode removal using acetone and 4-inch by 4--inch gauze sponges. E- 13 301 
Figure 16.- Rnesis basin w i t h  inside curve placed against the natural curve of rib cage. 
E- 13299 
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Figure 17.- Ultrasonic cleaner assembly showing spray-gun cleaning. E-13306 
AEROSPACE TEST PILOT SCHOOL 
Aircral't t ype & no. F1 ight time Type of mission 
Time of' arrival Electrode technicians Harne s s technicians 
3 4 ECG PN/T Accel. ZPN 
Number of' electrodes Parameters 
Subject Is Remarks: 
Observations: 
Instrument at ion Time 
Skin Condition: 
Be-instrumentation Time 
Conclusions: 
Figure 18.- Typica l  record sheet. 
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